Diffuse interstitial pulmonary fibrosis in rheumatoid arthritis has received considerable attention since it was first described 20 years ago (Ellman and Ball, 1948 ). It appears that few authorities now doubt that the association is valid, despite the absence of statistical evidence from controlled investigations (Aronoff, Bywaters, and Fearnley, 1955; Talbott and Calkins, 1964; Stack and Grant, 1965) . Locke (1963) , in a radiographic study, did find an incidence of 28 per cent. compared with none in a control group, but this was a highly selected series of patients. Curiously, more support for the concept has arisen from uncontrolled observations such as those of Cruickshank (1959) , Brannan, Goode, Divertie, and Baggenstoss (1964) , Patterson, Harville, and Pierce (1965) , and Thompson (1965) , where a frequency varying from 1 1 to 5 per cent. has been found. The high incidence of rheumatoid factor in the sera of patients with interstitial pulmonary fibrosis even in the absence of rheumatoid arthritis (Turner-Warwick and Doniach, 1965) has further suggested a link between the two diseases. However, Scadding (1960) and Stack, Grant, Irvine, and Moffat (1965) did not find rheumatoid factor in their series. Whether the pulmonary lesions are a true systemic manifestation of rheumatoid arthritis or related in some other way is not yet known.
As was recently stressed much controversy still surrounds the subject (Leading Article, 1967) . The purpose of the investigation to be described was to re-examine the problem by studying a large series of unselected patients with rheumatoid arthritis and comparing them with a similar series with degenerative joint disease as a control group.
Material and Methods 516 patients with classical or definite rheumatoid arthritis (RA) were studied. The series comprised new and follow-up cases attending a rheumatism clinic over )Consultant physician, Wakefield Hospitals.
(')Senior lecturer, Consultant physician in Rheumatology. an 18-month period. Also included were direct admissions to hospital for treatment of RA during the same period. A control group of 301 patients with degenerative joint disease (DJD), primary and secondary osteoarthrosis, and disc degeneration, were collected in the same manner as rheumatoid patients. Four additional patients with interstitial pulmonary fibrosis (IPF) and RA were specially referred by other physicians and were not included in the analysis except where indicated.
In each case a full clinical examination was made. Functional capacity was assessed and graded (Empire Rheumatism Council, 1960) . The extent of the arthritis was classified by the number of joints involved in the upper and lower limbs, taking no account of small joint involvement: mild 1 or 2, moderate 3 or 4, severe more than 4. Joint involvement was accepted in the presence of deformity, or two of the following: swelling, tenderness, limitation of movement. Occupational and smoking histories were recorded. A full blood count and erythrocyte sedimentation rate (ESR) were performed on each patient. The Waaler-Rose differential agglutination of sensitized sheep cells (SCAT) was done on all patients using the technique of Greenbury (1957) ; L.E.-cells were sought in 248 patients and serum proteins were estimated in 212.
All patients had an x-ray examination of the chest, which was read by one of us (W.C.W.) without knowledge of the group to which they belonged. All rheumatoid subjects had films taken of their hands and feet, and the control group had films taken of the major joints involved. Rheumatoid changes of the hands and feet were graded as follows:
(1) Severe Four or more major erosions or deformity and at least two major erosions or bony ankylosis (2) Moderate Two or three major erosions or one major erosion and deformity. (2) Lung Volumes.-The residual volume was determined by the closed circuit helium dilution method (Gilson and Hugh-Jones, 1949) . A Godart "Pulmotest" was used for this determination, as well as for the other lung volume measurements.
(3) Forced Expiratory Volume in one second (FEV1). This was estimated using the Godart "Pulmotest".
(4) Gas Transfer.-This was measured by the carbon monoxide uptake test, using the single-breath method by the technique described by Ogilvie, Forster, Blakemore, and Morton (1957) .
(5) Blood Gas Studies.-The arterial carbon dioxide tension was estimated by the re-breathing method of Campbell and Howell (1960) in the majority of cases. In a few blood was taken by needle puncture from the femoral artery and the oxygen tension was measured using a Beckman oxygen electrode. When arterial blood was taken the carbon dioxide tension was measured with the Astrup micro-electrode (Astrup, J0rgensen, Siggaard Andersen, and Engel, 1960) .
When expressed as a percentage of normal the data used were those of Needham, Rogan, and McDonald (1954) as modified by Comroe, Forster, DuBois, Briscoe, and Carlsen (1962) . Predicted normal values for gas transfer were obtained from the formulae of Ogilvie and others (1957 One patient received corticosteroids for his lung condition, because of rapidly increasing dyspnoea. It appeared that the downhill course was halted. In two patients hydroxychloroquine was given for the (6) 18 (8) 67 (28) 75 (31) 58 (24) ANNALS OF THE RHEUMATIC DISEASES lung disease. One died after 3i months from coronary thrombosis and in the second the vital capacity and gas transfer increased slightly after 3 months treatment. However 1 months later the vital capacity had fallen below the pre-treatment figure and the gas transfer had also fallen.
Smoking History
Two of the female patients in the group were non-smokers. The remaining patients had all smoked for more than 20 years. One woman and three men smoked from 1 to 10 cigarettes daily, two men smoked from 11 to 20 daily, and four men smoked more than twenty daily. In the rheumatoid population 60 per cent. of the women were nonsmokers. Of the men in the total rheumatoid population, 21 per cent. had smoked 1 to 10 cigarettes daily for more than 20 years compared with 33 per cent. in the group with IPF; 33 per cent. had smoked 11 to 20 cigarettes daily for more than 20 years compared with 22 per cent., and 14 per cent. had smoked more than twenty cigarettes daily for more than 20 years compared with 44 per cent.
Occupational History
There was no evidence that occupational factors had been operative in the production of IPF. Five were office workers, two worked in engineering, two in the woollen industry, one was a driver, one a highways superintendent, and one a railway signalman.
Arthritic Features
Only one patient in the group with IPF developed arthritis before the age of 46 years, compared with 52 per cent. of the rheumatoid population. The mean age at onset of arthritis was 54 years (range 41 to 61).
There were six patients in functional Grade 2, five in Grade 3, and one in Grade 5, a distribution similar to that in the rheumatoid population. The extent of the arthritis in those with lung disease was essentially the same as in the rheumatoid population. The percentages of mild, moderate, and severe were 25, 33, and 42 compared with 25, 24, and 52 respectively.
Nine of the twelve patients with lung disease had subcutaneous nodules (7 men and 2 women). This was a higher incidence than in the rheumatoid population, in which 44 per cent. of the men and 25 per cent. of the women had subcutaneous nodules.
The only other definite example of systemic manifestations of rheumatoid arthritis in the series with lung disease was one man with pericarditis.
Chest Radiography
The changes in the chest radiographs were bilateral in all patients and symmetrical in nine. Both lungs were evenly involved in eight and in the remainder the mid and/or lower zones were predominantly affected. The radiographic abnormality consisted of fine mottling in three patients, coarse mottling in four (with cystic change in one), and a reticular pattern in the remaining five. One patient had pleural thickening and a second had a small effusion.
Particular attention was paid to the lung markings. Prominent lung markings were present with equal frequency in rheumatoid and control patients, and in those who were further investigated there was no definite evidence of IPF.
Lung Function Tests
The results of selected tests of lung functions in nine of the rheumatoid patients are shown in Table  II (opposite). Only one had a vital capacity below the normal range. The gas transfer was significantly reduced in eight and in the other the figure was at the lower limit of normal, namely 70 per cent. In this case the arterial oxygen tension remained normal after exercise and, although the latter could not be strenuous because of his arthritis, it was sufficient to provoke definite dyspnoea. The diagnosis of IPF was subsequently confirmed by lung biopsy. These results show less lung restriction than usually encountered in cases with IPF. It should, however, be realized that all these cases were seen primarily because of their arthritis, and by way of contrast the results obtained in six cases with IPF, apparently idiopathic, are also shown in Table II .
The results are compared with the rheumatoid group in the Figure ( opposite), where they are expressed as a percentage of predicted normal (the shaded areas on the scattergram representing the normal range).
The dominant complaint of the patients without RA was breathlessness. Lung restriction was much more marked in this group. Gas transfer was considerably impaired in four of the five cases in which this was tested. In the one in which the figure was within the normal range, arterial oxygen fell significantly on exercise. In the one patient in whom the test was not possible, because of a very reduced vital capacity, the arterial oxygen tension was considerably reduced at rest. Specimens for pathological examination were obtained from three patients, two by lung biopsy, and one at autopsy. Case 1 showed diffuse interstitial fibrosis with obliteration and gross distortion of alveolar spaces. Case 9 showed diffuse interstitial fibrosis and cellular infiltration, consisting mainly of lymphocytes, with some plasma cells. There were numerous distorted air passages filled with macrophages. The third patient (Case 9)
Laboratory Investigations
Four of the patients had a haemoglobin level between 10 5 and 12 6 g. per 100 ml., two of whom were women. The remainder had haemoglobin levels of over 12-6 g. per 100 ml. There was no suggestion of an increased incidence of anaemia in those with lung disease. Nine (75 per cent.) of the twelve patients with lung disease had an ESR greater than 40 mm./lst hr compared with 45 per cent. of the rheumatoid population.
Rheumatoid factor was present in the blood of eleven of the twelve patients with lung disease. Two had a positive latex slide test. In the remaining nine patients the SCAT was positive in a reciprocal titre of 32 in 1, 512 or greater in five, and 128 or 256 in the remaining three.
Two patients, both with nodular rheumatoid arthritis, had L.E.-cells in the peripheral blood. They were absent from the remaining ten.
In the group with lung disease, three had a decreased serum albumin, and five an increased serum globulin amongst the ten examined. This compared with an incidence of 19 
Joint Radiographs
Comparison between the severity of changes in the hands and feet is shown in Table III . There was no significant difference. The duration of arthritis in the men was almost exactly comparable with that of the RA population as a whole.
Discussion

Terminology
In this paper we have used the term "diffuse interstitial pulmonary fibrosis" to describe the syndrome resulting from progressive fibrosis of the interstitial tissue of the lungs, not due to a recognizable cause. Scadding (1964) argues persuasively for the term "fibrosing alveolitis" for the same pathological process, while Stack and others (1965) favour "diffuse interstitial lung disease". We chose the older term since it still appears to be that most widely employed.
Validity of Association
In this investigation 1 *6 per cent. of the patients with RA had IPF compared with none in the control group, a difference which is not statistically significant. Nevertheless, this incidence is similar to that of Patterson and others (1965) and Thompson (1965) . The frequence of IPF in the general population is not known but it is certainly rare, and it is difficult to believe that the consistent detection of these patients in different rheumatoid populations is without significance. Moreover, in respiratory units, one-eighth of patients with IPF have RA (Thompson, 1965) . Cruickshank (1957 Cruickshank ( , 1959 found interstitial pneumonia in fiveof 100 autopsies on rheumatoidsubjects, whereas none was found in 200 autopsies on subjects with ankylosing spondylitis. This difference was significant (x2 = 7-35; P < 0 01), and significantly different from the figures of Mallory (1948) who found sixteen examples in 6,000 unselectedautopsies(x2 = 51-18;P < 0-001). Rheumatoid granulomata were present in the lungs of 10 per cent. of RA patients with IPF in the literature (Walker, 1966) . Locke (1963) thought that IPF was more frequent than the above figures suggest and concluded from his controlled study that it was the commonest respiratory complication of rheumatoid arthritis. He diagnosed the condition from the chest radiographs and included as one diagnostic criterion an exaggeration of the peripheral vascular pattern of the lungs. The incidence he found was considerably in excess of any other series, namely 28 per cent. He did not, however, present full clinical and physiological data on all the cases cited. In this study we found prominent lung markings with equal frequency in the rheumatoid and control groups.
Rheumatoid Features
The increased prevalence of IPF among older men noted in the literature and confirmed in this series is striking despite the fact that RA is commoner in women. A point apparent in this study, not previously stressed, is the tendency for IPF to occur in patients whose arthritis begins late.
Analysis of the literature had suggested a greater frequency of subcutaneous nodules in men but not in women with IPF (Walker and Wright, 1968) . However, this series and that of Patterson and others (1965) strongly suggest that there is an association in both sexes. It has been suggested that there is a correlation between rheumatoid arthritis, constrictive pericarditis, and IPF (Leading Article, 1968 ), but we could find no evidence to support this.
Respiratory Features
It is of interest to note the relative lack of respiratory disability both clinically and physiologically in the rheumatoid patients with IPF in this series. 
INTERSTITIAL PULMONAR Y FIBROSIS
This was considerably less than in the small series of patients studied without RA, as well as the large series of similar patients described by others (Scadding, 1960; Livingstone, Lewis, Reid, and Jefferson, 1964; Stack and others, 1965) . All other clinical and radiographic features were similar, except that pleural abnormalities were present in two of our patients and in 17 per cent. of those reported in the literature (Walker and Wright, 1968) . It must be borne in mind that eight of the patients were detected during a survey of a rheumatoid population, and it is possible that those with prominent respiratory disability were referred elsewhere. However, the four referred by other physicians were no more disabled than the remainder. This suggests that the degree of respiratory disability may be less and the prognosis better than in the those without RA. Our patients were mainly middle-aged or elderly men, and Stack and others (1965) , in a review of 42 patients with IPF, speculated that there may be a benign condition in older subjects where the x-ray appearances are similar without corresponding symptoms or impairment of respiratory function.
Two of the eight patients reported by Stack and Grant (1965) developed malignant pulmonary tumours, and these have been reported by others (Aronoff and others, 1955; Cruickshank, 1959; Lee and Brain, 1962; Thompson and Leathart, 1965) . We have not yet observed this in any of our patients.
Treatment
Corticosteroid therapy was given to one of our patients as treatment for his lung disease with slight but temporary benefit. Although a favourable response has been recorded in some cases, this has rarely been prolonged, and indeed Stack and Grant (1965) felt that in two of their patients the drug may have hastened the progression of the disease. Patterson and others (1965) did not find that any treatment influenced the progress of the lung disease. We employed hydroxychloroquine in two patients and in one there may have been slight but temporary benefit.
Pathogenesis
The precise reason why some patients have RA and IPF is unknown. IPF is certainly more common in those with high titres of SCAT, and Tomasi, Fudenberg, and Finby (1962) suggested that the precipitation of rheumatoid factor in the pulmonary capillaries might be the explanation of the lung changes. Since not all patients have a strongly positive SCAT (sometimes it is negative) and there is no universal histological evidence of primary vascular involvement, this explanation seems unlikely. Turner-Warwick and Doniach (1965) reported the results of auto-antibody studies in 48 patients with IPF, fourteen of whom had RA. These workers noted a discrepancy between the slide latex F II test and the SCAT, similar to that previously noted in Caplan's syndrome (Caplan, Payne, and Withey, 1962) . Occupational factors are, of course, of aetiological importance in Caplan's syndrome. Our data were in agreement with the view of Thompson and Leathart (1965) that occupation did not produce the lung disease, but the sex and age incidence, and the smoking habits raise the possibility that environmental factors may be in some way operative in the production of IPF in patients with the rheumatoid diathesis.
Summary
A clinical, radiographic, and serological study of 516 patients with rheumatoid arthritis and 301 with degenerative joint disease has been undertaken to re-evaluate the significance of diffuse interstitial pulmonary fibrosis in rheumatoid arthritis. Eight (1 *6 per cent.) of the rheumatoid patients had such lung lesions, and a further four were specially referred; nine of the twelve were men. None of the control group showed the condition.
The pulmonary disease was more benign clinically and physiologically than interstitial pulmonary fibrosis without rheumatoid arthritis. Otherwise the clinical, radiological, and pathological features were similar, apart from the presence of pleural changes in two patients. There was no evidence that occupational factors played a role in the aetiology, but prolonged heavy smoking was more common than in the rheumatoid population. Although there was some benefit from corticosteroids in one patient and from hydroxychloroquine in one of two patients so treated, the effect was transient.
Rheumatoid arthritis was of late onset in those with interstitial pulmonary fibrosis, and subcutaneous nodules occurred more frequently. Otherwise there was no difference clinically or radiographically. Haemoglobin levels were similar to those of the control rheumatoid population, but the ESR was higher, eleven had rheumatoid factor in the serum and protein abnormalities were more frequent. 
